Using AI-derived computerized techniques, we have modeled the large amount of online Reddit conversations exchanged among patients discussing around the prescriptions to take prenatal medical tests (both invasive and non-invasive). Our study has revealed that a patient's decision to take a specific test (thus possibly suffering medical implications) might significantly have a direct causal influence on her general everyday mood. Preliminary experimental results achieved exploiting the Granger causality analysis technique are discussed at length.
Introduction
Discussions on the meaning of using Artificial Intelligence (AI) in a medical context are at the core of a serious public debate, not only within the scientific community, but also within the whole society. Different reports have assessed the impact of Artificial Intelligence on crucial contexts, yet with different conclusions [1, 2] . While the One Hundred Year Study on Artificial Intelligence [1] highlights the positive impact of such technologies in many fields, stating that there is no reason to have any fear, the McKinsey Global Institute issues concerns about future negative scenarios implied by the massive introduction of AI (e.g., employments opportunities) [2] . Nonetheless, indubitable are the profits for the humanity that AI has supplied over recent years, through a variety of different technologies, ranging from personal digital assistants, such as Amazon's Alexa and Apple's Siri, to self-driving cars, such as Uber and Tesla, only to cite a few of them [3, 4] .
As to medicine, this debate on the role and the implications of AI is hot and still open. While, on one side, there are great expectations for the advent of AI technologies, as sustained by the remarkable results obtained in several critical situations, such as skin cancer classification, diabetic retinopathy detection, cancer gene identification and early breast cancer diagnosis, it is reported that still in 2017 almost the totality of U.S. healthcare initiatives have been delivered without a significant contribution of AI techniques [5] [6] [7] [8] [9] [10] . In essence, even if it is still not clear how AI can be safely and effectively integrated in the healthcare paradigm, many research results highlight how AI technologies can be comparable to physicians, in some given tasks. Nevertheless, since unintended consequences can result in the case AI, especially deep learning derived procedures, is used as a "black box in the loop", more reflections and studies about the role and the relationship between humans and machines are still in order.
Indeed, AI techniques often exploited to supply automated diagnosis, yet they can also be very useful as a support to physicians in the interpretation of clinical data. In particular, they can represent a significant help when exploited for listening to the great amount of conversations that patients exchange online, while gathering further information that could enrich their clinical pictures. Unfortunately, here we suffer from a lack of precise comparative studies on the accuracy of machine-based interpretations of medical data, as mined from social networks. Interdisciplinary studies, conducted by both human-computer-interaction experts and physicians, are hence in order, with the aim to compare how machines and humans reason on the same amount of clinical data.
With this in mind, we here present a study reflecting on the efficacy of using social media to mine medical data, with a precise and given clinical implication. This has been done within the context of prenatal diagnosis. In a previous work [11] , we investigated on the use of social media to gather information about what patients thinks of invasive versus non-invasive prenatal tests.
We focused our attention on Reddit, analysing more than 50,000 patients' posts about this topic. The obtained results highlighted an increase of popularity of prenatal diagnosis with time and confirmed a trend of appreciation of non-invasive prenatal tests against the invasive ones (that are indeed more accurate) since 2015. While a human-based study of a limited number of those posts did not provide any strong suggestion of any relationship between the type of performed test (invasive or non-invasive) and the general patient mood, we present here some scientific evidence, based on a machine-based analysis of a large amount of posts, of the fact that a direct causal influence exists between the decision of taking a given prenatal tests and the general mood of patients during their subsequent course of life.
The remainder of the paper is structured as follows. Section II reviews some studies conducted in the field of social sensing in the healthcare context, while Section III introduces both the research questions at the basis of our study and our scientific methodology. Section IV presents the results we have obtained using a specific type of statistical analysis we have exploited, known as Granger causality. Finally, Section V concludes this paper, presenting some final remarks and future work.
Background and Related Work
The use of social networks has become an integral part of the daily routine of many people that have also started to exploit them, asking questions and sharing stories about their medical experiences. This has led to an improvement of patient engagement resulting in an increase of data shared through social media [12] . Several studies conducted in a variety of different contexts have exploited social media as sensors in order to evaluate and monitor a defined phenomenon through the evaluation of such enormous amount of data [13] . Here we report some examples of such studies. Prem et al. for example conducted an observational study in order to investigate the nature of social media content related to shoulder and elbow surgery, with the aim of having a different perspective on how patients perceive their surgical experience and relay it to social media [14] . They analysed not only patients' posts, but also the ones shared by surgeons and other professionals of the hospital. Their analysis shows how patients mainly document their recovery triumphs while surgeons primarily scheduled appointments. Finally, hospitals use social media mainly to promote themselves. In their research, Alvarez-Perea et al. investigated the use of social media by means of paediatric allergic patients and their relatives. This to find information about food allergy [15] . The results highlighted how even if people utilize social media on a daily basis, they rarely exploit them with success for food-allergy related purposes. Greene et al. performed a qualitative analysis of the communications through Facebook between many patients with diabetes [16] . They personally analysed 690 comments, finding that patients use Facebook as a forum, asking question and reporting personal experiences. Their analysis also revealed how clinically inaccurate recommendations were fortunately infrequent in that context. Again diabetes-wise, authors of [17] explored the motivations for an online participation of such a patients' community. Their findings seem to suggest that patients with diabetes, and their caregivers, are motivated towards the use of social media for many purposes, that include receiving/giving medical recommendations, as well as emotional support. De Choudhury et al. use data collected from Twitter to classify patients diagnosed with clinical depression [18] . They found out that online posts contain many issues that can be considered indicators of mental pathologies (e.g., highly clustered egocentric networks). In particular, the trained classifier showed promising results, with a positive 70% classification accuracy. Jacobs et al. in their research instead wanted to investigate if relationships exist between a given use of Facebook and certain congenital anomalies [19] . They focused their study on four different congenital anomalies: anorectal malformation, congenital diaphragmatic hernia, congenital heart disease and hypospadias/epispadias. While they conducted both a qualitative and a quantitative analysis of an enormous amount of data, they emphasized the importance of listening to conversations on online platforms to let emerge needs and requests from patients. Also Greaves et al. have provided some interesting patient-centric considerations about the importance of social media data to improve patients' experience [20] . They introduced the concept of a cloud of patients -experience and suggested the use of natural language processing and sentiment analysis techniques to transform unstructured data, like patients' experiences shared on social networks, into measurable and clinically usable data.
Nonetheless, social media tools can also be a source of wrong information that can be misinterpreted by patients. Along this line, some works have been done with the aim of defining guidelines and policies, as issued by healthcare organizations and professional societies devoted to provide sound and useful principles that should be followed to avoid pitfalls, limiting possible dangers and negative side effects of their activities on social media [21] [22] [23] . Such guidelines relate to several aspects of social media activities, ranging from ensuring content credibility (i.e., sharing only information from credible sources / rejecting any inaccurate information) to guaranteeing professional ethics (i.e., not supporting false or misleading claims while avoiding to provide generic medical advices without any information on the condition of an online patient), to respecting privacy of patients and healthcare givers too (e.g., keeping personal and professional profiles always separate) [20] . Instead, along the specific line of our present study can also be considered some papers presented in [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . They all share the intent of investigating the loop between humans and AI-inspired machines in a medical context in several different application scenarios.
Research Questions and Methodology
In a previous work, we analysed the mood of patients specifically in those posts when they were talking about invasive and non-invasive prenatal diagnosis. In this work, instead, our aim is to assess if a causal relationship exists between the patient's participation in a discussion about prenatal tests and the general mood s/he expresses in the remainder of her/his course of online life (i.e., in those posts where s/he does not discuss about prenatal testing).
In particular, the research questions that drove our study are the following ones:
1. Considering the totality of the (most active) users, is there any causal relationship between how much they take part into the medical discussion about prenatal tests and their general mood (i.e., the mood emerging in those posts where they discuss about non-clinical topics)? Primary Question. 2. How do things change (if they change), when we take into consideration only those patients that publicly declare that they have taken a given prenatal test at a certain day in their life? Secondary Question. We chose Reddit as our data source. We extracted data from it using research terms relative to both invasive e non-invasive prenatal test. In particular, we used the following keywords: "invasive prenatal testing", "amniocentesis", "non-invasive prenatal testing", "NIPT" (standing for Non Invasive Prenatal Test), "Fish test", "Natera", "Panorama", "MarterniT21", "Ariosa", and "Harmony" Considering the period from 01/01/2011 to 31/03/2018, we were able to collect 4,125 posts.
With regard to the first research question, we considered the one-hundred most active patients, with posts in our dataset. For each of them, we individuated the date of their first post regarding a prenatal test. Then, we analysed all the posts that those users shared on Reddit from that date plus other additional forty-nine days (7 weeks). To analyse their mood, we took advantage of Opinion Finder, a software analyser that, starting from a text, is able to perform a subjective analysis, recognizing automatically if in such text there are positive or negative sentiments. Regarding this sentiment analysis, a score was assigned to each word, as: ("strong_negative", weak_negative", "neutral", "weak_positive" and "strong_positive"), mapped in the [-2, 2] integer interval.
As to the second research question, we adopted a "nonprobability sampling" method that is suggested when a study is to be performed only on people with specific, given characteristics. We followed this approach here with the aim of selecting only the most appropriate individuals of our patients' population, as explained below. In fact, starting from the one hundred most active patients, we selected only those who had affirmed they had taken a prenatal test in a certain day. Only fifteen out of 100 satisfied that requirement, specifying the day in which they performed the test. In particular, ten of them performed an amniocentesis (which is an invasive prenatal test), while the remaining five performed a NIPT (a non invasive prenatal test). Similar to before, we analysed for each of them all the posts that they shared on Reddit, since the exact day when they performed the test plus forty-nine subsequent days (seven weeks). Unfortunately, as eight of them did not share posts with continuity in all the 7 weeks under observation, we discarded them and decide to concentrate our analysis only on the post of the remaining seven ones. Out of those seven, five performed an amniocentesis while the others took a NIPT.
Finally, for each patient we took into consideration two different type of posts: those taking part into a medical discussion and those where different topics from medicine and prenatal testing were discussed. Such datasets has allowed us to provide interesting answers to the two research questions expressed before.
A Granger Causality Analysis

Methodology
To assess the existence of a causal relation between two different series of data in time, we exploited a specific methodology, termed the Granger causality analysis. It is able to establish the dependence between two temporal variables as explained in [35] . In particular, we computed our calculations based on the Toda-Yamamoto variant [36] . We do not provide here, for the sake of conciseness, any technical details but declaring that we used both the Augmented Dickey-Fuller (ADF) t-tests [37] and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests [38] , as preliminary statistical tools and then we resorted to a modified Wald test (MWALD) for the final causality check. We remind here that based on the Granger causality theory, a relevant statistical significance may be established only for p-values < 0.1.
Causal relationships (100 most active users)
To answer the first research question, we used three different time data series, extracted from the posts shared by the 100 most active users.
The first series represents the (average) mood of the patients, as computed with Opinion Finder, on all those posts shared by those users where the prenatal testing topic was discussed (Mood, for short). The second time series measures instead the number of posts that were shared on a daily basis by patients on the prenatal testing topic (Count, for short). Finally, the third series of data represents the (average) general mood the patients express in those posts where non medical issues are treated (as computed by Opinion Finder), Given these three time-data series, we evaluated if a causal relationship exists between the first two time-data series (Mood and Count) and the third one. In Figure 1 , we show the obtained pvalue, that is the probability that such relationships does not exist. The two p-values are respectively 0.00055 and 0.00023, thus confirming that a Granger causality relation exist between the conversations that patients exchange on the topic of prenatal testing and their general mood (as computed on the posts they share on non medical issues).
Causal relationships (just selected patients)
To answer the second research question, three different time data series were obtained extracted from the posts shared by just those users that had declared they have performed a prenatal test (amniocentesis or NIPT). The first one is the average mood computed with Opinion Finder on the posts shared by those users who performed a test. Only those posts were considered where the issue of prenatal testing were treated. The second time data series counts those posts. Finally, the third time data series represents the average mood computed with Opinion Finder on all posts were non medical issues are treated. Those posts come only from our selected patients.
As before, we evaluated if a causal relationship exists between the first two time-data series and the third one. In Figure 2 , we plotted the p-value we obtained. The two p-values are respectively 0.0014 and 0.0029. We can confirm again that, based on a Granger causality analysis, a relation exists between patients' conversations on this given medical topic (prenatal testing) and their general mood (as computed on posts were non medical issues are discussed).
Figure 1 (p-value) Conversations shared by patients on the topic of prenatal testing have an influence on their mood (100 most active patients)
Figure 2 (p-value) Conversations shared by patients on the topic of prenatal testing have an influence on their mood (just selected patients)
As a final study, we decided to focus our investigations, separately: (a) on only those posts of patients who performed an amniocentesis, and (b) on only those posts of patients who performed a NIPT.
Even if those samples are more limited in size, we tried to verify if the causal relationships we observed before were kept similar, based on different type of prenatal tests.
In Figure 3 , the situation for patients of type a) is analysed (invasive test). We plotted the obtained (1 -p-value) that seem to reveal that a complete causal relationship between the conversations and the mood cannot be established, since the Mood variable did not pass the statistical test. Specifically, the p-values are respectively (Mood and Count) 0.988 and 0.12 (invasive test).
In Figure 4 , the situation for patients of type b) is analysed (non invasive test). We plotted the obtained (1 -p-value) that seem to reveal that a complete causal relationship between the conversations and the mood cannot be established, since the Count variable did not pass the statistical test. Specifically, the p-values are respectively (Mood and Count) 0.41 and 0.999961 (invasive test).
In conclusion, so far, we can affirm that our study confirms that a predictive causal relationship exists between the online patients' conversations and their general mood, yet we are not able to establish if this relationship depends on the opinion the patients have either on invasive prenatal tests or non invasive ones.
Figure 3 (1 -p-value) No relationship can be established between conversations and patients' mood (invasive test only) 5 Conclusion
In this work, we provided an original contribution with respect to the idea of using an AI-derived analysis of social media data to give support to medical activities. The field of interest and application was that of invasive and non-invasive prenatal testing. We based our study on Reddit, where we were able to mine data of interest over about 4,000 posts. This kind of study has shown so far that a predictive causal relationship exists between the online patients' conversations and their general mood, yet we are not able to establish if this relationship depends on the opinion the patients have either on invasive prenatal tests or non invasive ones. Further studies are in order to fully understand this issue and are left for future investigations. These results further corroborate an impression, alive in the scientific community. AI derived automatic techniques are proficient in mining over large amounts of data and in extracting relevant relations. Nonetheless, after a first AI-based automatic analytic phase, contextual additional information still often needs to be considered, to let emerge subtle dependencies amongst data that primarily require a sophisticated human intervention.
Figure 4. (1 -p-value) No relationship can be established between conversations and patients' mood (non invasive test only)
